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(54) WATER SOLUBLE RESIN COMPOSITION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide water soluble resin compositions which excel in coating 
properties on different levels in a resist pattern and dimensional controllability in forming finer 
patterns and can be crosslinked and cured by an acid supplied from the resist patterns. 
SOLUTION: A water soluble resin composition comprises (1) a water soluble resin, (2) a water 
soluble crosslinking agent, (3) at least one surface active agent selected from an acetylene alcohol, 
an acetylene glycol, a polyethoxylate of an acetylene alcohol, and a poly ethoxy late of an acetylene 
glycol, and (4) a solvent composed of water or a mixture of water and a water soluble solvent. This 
water soluble resin composition is coated on a resist pattern and heated, and uncrosslinked 
portions of the water soluble resin coated layer are developed and removed. Thus, finer trench 
patterns and hole patterns are effectively formed. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The water-soluble-resin constituent characterized by being at least one sort as which 
said surfactant was chosen from the polyethoxylate of acetylene alcohol, acetylene glycols, and 
acetylene alcohol, and the polyethoxylate of acetylene glycols in the water-soluble-resin constituent 
which produces crosslinking reaction by existence of an acid including water soluble resin, a 
water-soluble cross linking agent, a surfactant, and a solvent. 

[Claim 2] The water-soluble-resin constituent according to claim 1 characterized by said surface 
active agent being at least one sort chosen from tetramethyl crepe-de-Chine diol and tetramethyl 
crepe-de-Chine diol polyethoxylate. 

[Claim 3] The water-soluble-resin constituent according to claim 1 or 2 with which the content of 
said surfactant is characterized by being 50-2,000 ppm to a water-soluble-resin constituent. 
[Claim 4] A water-soluble-resin constituent given in any 1 term of one to claim 3 term 
characterized by said water soluble resin being at least one sort chosen from a polyvinyl acetal and 
polyvinyl alcohol. 

[Claim 5] A water-solubie-resin constituent given in any 1 term of claims 1-4 characterized by said 
water-soluble cross linking agent being at least one sort chosen from a melamine system 
low-molecular derivative, a guanamine system low-molecular derivative, a urea system 
low-molecular derivative, glycoluryl, and alkoxy alkylation amino resin. 

[Claim 6] A water-soluble-resin constituent given in any 1 term of claims 1-5 to which said solvent 
is characterized by being mixture with the organic solvent of fusibility at water or water, and water. 
[Claim 7] The water-soluble-resin constituent according to claim 6 with which the organic solvent of 
fusibility is characterized by being alcohol of carbon numbers 1-4 at said water. 
[Claim 8] The water-soluble-resin constituent according to claim 7 characterized by the alcohol of 
said carbon numbers 1-4 being isopropyl alcohol. 

[Claim 9] The detailed pattern formation ingredient which consists of said water-soluble-resin 
constituent according to claim 1 to 8. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the detailed pattern formation ingredient which 
consists of a new water-soluble-resin constituent and this water-soluble-resin constituent. 
Furthermore in a detail, the formed resist pattern is covered in manufacture processes, such as a 
semi-conductor, etc. By constructing a bridge in this enveloping layer, fatten the pattern of a resist 
and this makes a trench pattern and a hole pattern detailed effectually. It is related with the detailed 
pattern formation ingredient which consists of a water-soluble-resin constituent which can reduce 
the dimension of the tooth-space section of a resist pattern effectively, and this 
water-soluble-resin constituent, without carrying out expensive plant-and-equipment investment of 
the aligner for short wavelength, a phase shift reticle, etc. 
[0002] 

[Description of the Prior Art] In the broad field which makes the start manufacture of the circuit 
boards, such as manufacture of semiconductor devices, such as LSI, creation of the screen of the 
liquid crystal display of the LCD panel, and a thermal head, etc., or it forms a detailed component, in 
order to perform micro processing, the photolithography technique is used from the former. In order 
to form a resist pattern using a photolithography technique, various positive types or a 
negative-mold radiation-sensitive resin constituent is used from the former. In recent years, with 
high integration of a semiconductor device etc., wiring and separation width of face which are 
required of a manufacture process are increasingly made detailed, and development of a new resist 
etc. is variously tried by forming a detailed resist pattern and the pan by using attaining 
detailed-ization of a resist pattern using the light of short wavelength more that it should 
correspond to this, a phase shift reticle, etc. However, it is difficult to form the detailed resist 
pattern exceeding the wavelength limitation with the photolithography technique by the conventional 
exposure, and the equipment using an aligner, a phase shift reticle, etc. for short wavelength is 
expensive. For this reason, a well-known positive type or a negative-mold photopolymer constituent 
is used conventionally. An enveloping layer is given to the formed resist pattern after performing 
pattern formation by the well-known pattern formation approach conventionally. The acid generated 
by the resist by heating and/or exposure of a resist is diffused to said enveloping layer. A resist 
pattern is fattened by making an enveloping layer construct a bridge with this diffused acid. 
Detailed-ization of a resist pattern is attained by narrowing width of face between resist patterns as 
a result. The detailed pattern formation approach which forms the detailed resist pattern below the 
resolution limit effectually is proposed. The thing of versatility [ constituent / which can be used for 
this approach / for enveloping layer formation ] is known (for example, JP, 5-241 348,A, 
JP,6-250379,A, JP,10-73927,A, etc.). 
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[0003] As the above-mentioned constituent for enveloping layer formation, since the 
water-soluble-resin constituent conventionally known although water soluble resin, the 
water-soluble cross linking agent, and the water-soluble-resin constituent that produces 
crosslinking reaction in existence of an acid including a plasticizer or a surfactant if needed further 
were proposed has the inadequate homogeneity of the spreading film on a resist pattern with a level 
difference, its dimension controllability after the formation of pattern detailed is also inadequate, and 
this improvement was desired also from the point of improvement in the yield. 
[0004] 

[Problem(s) to be Solved by the Invention] Therefore, by the purpose of this invention giving an 
enveloping layer to the resist pattern conventionally formed by the well-known approach, making 
this enveloping layer construct a bridge, and fattening the pattern of a resist A trench pattern and a 
hole pattern can be used for the pattern formation approach which can be effectually made detailed 
below to marginal resolving. It is offering the water-soluble-resin constituent which can form the 
enveloping layer excellent in the spreading property on a resist pattern level difference, and the 
dimension controllability in the case of the formation of pattern detailed. Moreover, other purposes 
of this invention are offering the detailed pattern formation ingredient which consists of the 
above-mentioned water-soluble-resin constituent. 
[0005] 

[Means for Solving the Problem] As a result of this invention persons' performing research and 
examination wholeheartedly, are covered by the resist pattern after forming a resist pattern. By 
containing water soluble resin and a water-soluble cross linking agent, and making the 
water-soluble-resin constituent which produces crosslinking reaction in existence of an acid contain 
a specific surfactant The above-mentioned conventional trouble is canceled, it finds out that the 
water-soluble-resin constituent excellent in the spreading property on a resist pattern level 
difference and the dimension controllability in the case of the formation of pattern detailed can be 
obtained, and this invention is made. That is, the water-soluble-resin constituent of this invention is 
characterized by using at least one sort chosen from the polyethoxylate of acetylene alcohol, 
acetylene glycols, and acetylene alcohol, and the polyethoxylate of acetylene glycols as said 
surfactant in the water-soluble-resin constituent which produces crosslinking reaction by existence 
of an acid including water soluble resin, a water-soluble cross linking agent, a surfactant, and a 
solvent. 

[0006] Hereafter, this invention is further explained to a detail. If the solubility to water is 0.1% of the 
weight or more of a polymer, anything of well-known official business can be used for the water 
soluble resin used with the water-soluble-resin constituent of this invention. As an example of water 
soluble resin, they are a homopolymer or plural copolymers including a hydrophilic unit. For example, 
polyvinyl alcohol (a partial saponification object is included), polyacrylic acid, Polymethacrylic acid, 
Pori (2-hydroxyethyl acrylate), Pori (2-hydroxyethyl methacrylate), Pori (4-hydroxy butyl acrylate), 
Pori (4-hydroxy butyl methacrylate), Pori (Glico siloxy ethyl acrylate), Pori (Glico siloxy ethyl 
methacrylate), Polyvinyl methyl ether, a polyvinyl pyrrolidone, a polyethylene glycol, A polyvinyl 
acetal (a partial acetal ghost is included), polyethyleneimine, Polyethylene oxide, a styrene maleic 
anhydride copolymer, a polyvinyl amine, the poly allylamine, oxazoline radical content water soluble 
resin, water-soluble melamine resin, a water-soluble urea-resin, an alkyd resin, sulfonamides, or 
these salts are mentioned. These may be used independently and may be used combining two or 
more sorts. 

[0007] Moreover, as for the molecular weight of the water soluble resin used, 1,000-10,000 are 
desirable at weight average molecular weight, and 2,000-5,000 are more desirable. Usually, if 
spreading nature is inferior when the molecular weight of water soluble resin is smaller than 1,000, 
the stability of the spreading film with the passage of time falls while the homogeneous spreading 
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film becomes is hard to be obtained, and molecular weight exceeds 10,000 on the other hand, a 
cobwebbing phenomenon happens at the time of spreading, or the breadth on the front face of a 
resist will be bad, and it will become difficult to obtain the uniform spreading film by the little drip. 
[0008] The water-soluble cross linking agent used with the water-soluble-resin constituent of this 
invention is not limited especially that what is necessary is just the water-soluble compound which 
produces and cheats out of bridge formation with an acid. If the water-soluble cross linking agent 
which can be used by this invention is illustrated concretely, a melamine system low-molecular 
derivative, a guanamine system low-molecular derivative, a urea system low-molecular derivative, 
glycoluryl, and alkoxy alkylation amino resin can be mentioned. As a melamine system low-molecular 
derivative, a melamine, a methoxymethyl-ized melamine, an ethoxy methylation melamine, a propoxy 
methylation melamine, a butoxy methylation melamine, a hexa methylol melamine, etc. are mentioned. 
Moreover, acetoguanamine, benzoguanamine, and methylation benzoguanamine are mentioned as a 
guanamine system low-molecular derivative. Furthermore, as a urea system low-molecular 
derivative, a urea, monomethylolurea, a dimethylolurea, alkoxy methyleneurea, N-alkoxy 
methyleneurea, an ethylene urea, and an ethylene urea carboxylic acid are mentioned. On the other 
hand, as alkoxy alkylation amino resin, alkoxy alkylation melamine resin, alkoxy alkylation 
benzoguanamine resin, an alkoxy alkylation urea-resin, etc. can be mentioned, and, specifically, 
methoxymethyl-ized melamine resin, ethoxy methylation melamine resin, propoxy methylation 
melamine resin, butoxy methylation melamine resin, ethoxy methylation benzoguanamine resin, a 
methoxymethyl-ized urea-resin, an ethoxy methylation urea-resin, a propoxy methylation 
urea-resin, a butoxy methylation urea-resin, etc. are mentioned, these water solubility cross linking 
agent — independent — or two or more sorts — combining — it can be used — the loadings — per 
water-soluble-resin 100 weight section and 1 - 70 weight section — it is 10 - 50 weight section 
preferably. 

[0009] The surface active agents used with the water-soluble-resin constituent of this invention are 
the polyethoxylate of acetylene alcohol, acetylene glycols, and acetylene alcohol, and polyethoxylate 
of acetylene glycols. The compound shown for example, by the following general formula (I) is 
mentioned as one of them as the polyethoxylate of the acetylene alcohol which can be preferably 
used in this invention, acetylene glycols, and acetylene alcohol, and polyethoxylate of acetylene 
glycols. 
[0010] 
[Formula 1] 

R 2 R 3 
R'-j C _C-f j-R'-^H (I) 

COCH2CH 2 ^OH (OCH 2 CH2^-OH 

(R1 expresses the straight chain or branched chain alkyl group of carbon numbers 1-20 among a 
formula, R2 and R3 express respectively independently the straight chain or branched chain alkyl 
group of H or carbon numbers 1-3, R4 expresses the straight chain or branched chain alkylene 
group of carbon numbers 1-20, k is 0 or 1 and m and n express the positive number containing 0 
respectively independently.) 

[0011] If the desirable example of the polyethoxylate of the acetylene alcohol which can be used in 
this invention, acetylene glycols, and acetylene alcohol, and the polyethoxylate of acetylene glycols 
is shown concretely 3-methyM-butyn-3-ol, 3-methyM-pentyn-3-ol, 3, the 6-dimethyl-4-octyne 
-3, 6-diol, 2,4,7,9-letra-methyl-5-decyne-4,7-diol, They are 3,5-dimethyl-1-hexyn-3-ol, 
2,5-dimethyl-3-hexyne-2,5-diol, 2,5-dimethyl-2,5-hexane-dioI, these polyethoxylate, etc. And 
tetramethyl crepe-de-Chine diols, such as 2,4,7,9-tetra-methyl-5-decyne-4,7-diol, and the 



'8 



1/30/2007 6:21 PW 



,2001*-019860,A [DETAILED DESCRIPTION] http://ww4.ipdl.ncipi.gojp/cgi-bin/tran_web_cgi_ejje 

polyethoxylate of those are especially desirable. The surfactant of these this inventions is 
independent, or can be combined two or more sorts, and can be used, and 50-2,000 ppm of the 
loadings are usually 100-1,000 ppm preferably to the water-soluble-resin constituent of this 
invention. 

[0012] As long as the solvent used with the water-soluble-resin constituent of this invention does 
not dissolve the resist pattern which can dissolve the constituent of a water-soluble-resin 
constituent, and has already been formed in the substrate for water-soluble-resin constituent 
spreading, what kind of thing is sufficient as it. Usually, as this solvent, mixture with the solvent 
which contains water at least, and the organic solvent specifically dissolved in water or water, and 
water in the meltable range is used. Although there will be especially no limit if the water used as a 
solvent by this invention is water, the pure water from which organic impurities, a metal ion, etc. 
were removed by distillation, ion exchange treatment, filtering, various adsorption treatment, etc. is 
desirable. 

[0013] The organic solvent which is dissolved in water and used on the other hand is usually used 
for the purpose of the improvement in the spreading nature of a constituent etc. As long as it is 
used for water in the amount of mixing of the meltable range, anything of a well-known organic 
solvent can use conventionally the organic solvent which is dissolved in this water and used. That is, 
all of the water-soluble organic solvent which dissolves 0.1% of the weight or more to water are 
usable. As an organic solvent used, the organic solvent of fusibility is desirable in water. If the 
example of the organic solvent which can be used in this invention is shown concretely For example, 
alcohols, such as methyl alcohol, ethyl alcohol, and isopropyl alcohol; An acetone, Ketones, such as 
a methyl ethyl ketone and 2-heptanone cyclohexanone; Methyl acetate, Ester, such as ethyl 
acetate; Ethylene glycol monomethyl ether, Ethylene glycol mono-ARUKIRUTERU, such as ethylene 
glycol monoethyl ether; Ethylene glycol monomethyl ether acetate, Ethylene glycol monoalkyl ether 
acetate, such as ethylene glycol monoethyl ether acetate; Propylene glycol monomethyl ether, 
Propylene glycol monoalkyl ether, such as the propylene glycol monoethyl ether; 
Propylene-glycol-monomethyl-ether acetate, Propylene glycol monoalkyl ether acetate, such as 
propylene glycol monoethyl ether acetate; Methyl lactate, Lactate, such as ethyl lactate; Aromatic 
hydrocarbon; N,N-dimethylacetamide, such as toluene and a xylene, amides [, such as N-methyl 
pyrrolidone, ]; — lactone [, such as gamma-butyrolactone ]; — dimethylformamide — Polar 
solvents, such as dimethyl sulfoxide, cellosolve, methyl cellosolve, butyl cellosolve, a cellosolve 
acetate, butyl carbitol, and carbitol acetate, etc. can be mentioned. As a desirable organic solvent, 
the lower alcohol of the carbon numbers 1-4, such as methyl alcohol, ethyl alcohol, and isopropyl 
alcohol, is mentioned, and especially a desirable thing is isopropyl alcohol. These organic solvents 
are independent, or two or more sorts can be mixed and used for them. 
[0014] As a resist ingredient used in order to form the resist pattern covered with the 
water-soluble-resin constituent of this invention, all of a well-known photoresist ingredient can be 
used conventionally. A photoresist ingredient may not generate an acid with an optical exposure or 
heating, and may not generate an acid with the resist ingredient [ itself ] light exposure or heating. 
When a resist ingredient is what originally does not produce an acid with an optical exposure or 
heating, the ingredient which generates an acid with an acid, an optical exposure, or heating may be 
added further, and a resist pattern is processed with an acid solution or an acid steam, and you may 
make it infiltrate an acid into a resist pattern into a resist ingredient, after forming a resist pattern. 
Typically as a resist ingredient, the positive or NEGAREJISUTO of a chemistry magnification mold 
which generates an acid by the mixture of novolak resin and a naphthoquinonediazide system 
sensitization agent and optical exposure, and forms a resist pattern using the catalysis of this 
generated acid can be mentioned. 

[0015] A resist pattern can use the water-soluble-resin constituent of this invention also in which 
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approach of the well-known approach carried out by removing the water-soluble-resin 
constituent over which apply a water-soluble-resin constituent to the resist pattern formed on the 
substrate, form an enveloping layer in, this enveloping layer is made to construct a bridge over with 
the acid supplied from a resist pattern, and a bridge is not constructed by development after this. Of 
course, it is not that by which the approach by which the water-soluble-resin constituent of this 
invention is applied is hereafter limited to the following approaches although an example of a 
conventionally well-known approach which fattens a resist pattern is shown. 

[0016] First, a photoresist is conventionally applied by well-known approaches, such as a spin coat, 
on a substrate. After exposing with far ultraviolet rays, such as ultraviolet rays, such as g line and i 
line, KrF excimer laser, and ArF excimer laser light, an X-ray, an electron ray, etc. after prebaking (it 
is about 1 minute at baking temperature:70-1 40 degree C) and performing postexposure baking 
(PEB) if needed (for example, baking temperature: 50-140 degrees C), negatives are developed, and 
if required, BEKU after development will be performed (for example, baking temperature: 60-120 
degrees C), and a resist pattern will be formed. Subsequently, a water-soluble-resin constituent is 
applied to the substrate with which this resist pattern was formed, it prebakes if needed (for 
example, 80-100 degrees C, 60 - 70 seconds), and an enveloping layer coat is formed. The spin coat 
method and spray method which what kind of approach is sufficient as it as long as the approach of 
applying a water-soluble-resin constituent can apply a water-soluble-resin constituent on a resist 
pattern, for example, are used from the former in the case of spreading of a resist, dip coating, the 
roller coat method, etc. are mentioned. 

[0017] Subsequently, diffusion of the acid which heat-treats the resist pattern and enveloping layer 
which were formed on the substrate (mixing BEKU), and is made to promote generating and diffusion 
of an acid in a resist pattern, or already exists in a resist pattern is promoted, and an enveloping 
layer is made to construct a bridge with the acid diffused in the enveloping layer. The resist used, 
the ingredient which forms an enveloping layer, bridge formation thickness, etc. decide on the 
temperature and BEKU time amount of mixing BEKU suitably, and they are usually about 85-150 
degrees C in temperature, and are performed about 60 to 120 seconds. Furthermore, the 
development of the enveloping layer over which the bridge was constructed is carried out with alkali 
water solutions, such as mixture of water, water, and a water-soluble organic solvent, or TMAH 
(tetramethylammonium hydroxide), etc., and dissolution removal of the enveloping layer 
non-constructed a bridge is carried out. By the above processing, a trench pattern and a hole 
pattern can be effectually made detailed. 

[0018] In addition, if a resist can generate an acid by exposure, or it exposes completely the 
substrate which has a resist pattern and an enveloping layer using the light source according to the 
exposure wavelength of a resist, a desired part is exposed, and by heating if needed, generating of 
an acid and diffusion into a water-soluble-resin constituent can be made to be able to perform, and 
a bridge can also be constructed in the enveloping layer of the whole surface or a request part. 
Moreover, the thickness which constructs a bridge is [ whenever / resist ingredient thickness / of a 
resist /, optical exposure / to a resist /, exposure reinforcement, optical irradiation time, and 
stoving temperature ] controllable by selection of heating time, a water-soluble-resin constituent, 
etc. suitably. About a water-soluble-resin constituent, when carrying out mixed use of water soluble 
resin and the class of cross linking agent and the amount used, two or more sorts of water soluble 
resin, or the cross linking agent, for example, bridge formation thickness can be controlled by 
selection of the mixing ratio etc. 
[0019] 

[Example] Although this invention is explained with the example below, the mode of this invention is 
not limited only to these examples. 

[0020] Example 1 (adjustment of a water-soluble-resin constituent) 
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After mixing each component and fully stirring and dissolving at following rate, it filtered with the 

0.2-micrometer filter and the water-soluble-resin constituent A was adjusted. 

(A part for ** ) (Weight section) Polyvinyl alcohol 8.0 MethoxymethyHzed melamine 2.0 2, 4, 7, 

9-tetramethyl-5-crepe de Chine 0.001 -4, 7-diol polyethoxylate Isopropyl alcohol 10.0 Water 79.999 

[0021] The example 1 (adjustment of a water-soluble-resin constituent) of a comparison 

The water-soluble-resin constituent B was adjusted like the example 1 using each component at 

following rate. 

(A part for ) (weight section) 

Polyvinyl alcohol 8.0 MethoxymethyHzed melamine 2.0 Isopropyl alcohol 10.0 Water 80.0 [0022] The 
example 2 (adjustment of a water-soluble-resin constituent) of a comparison 
The water-soluble-resin constituent C was adjusted like the example 1 using each component at 
following rate. 

(A part for *# ) (weight section) 

Polyvinyl alcohol 8.0 MethoxymethyHzed melamine 2.0 The megger fuck R-08 (Dainippon Ink & 
Chemicals, Inc. make) 0.001 Isopropyl alcohol 10.0 Water 79.999 [0023] Example 2 (evaluation of a 
water-soluble-resin constituent) 

Rhine - and formation positive type photopolymer constituent of - tooth-space pattern It applied to 
the 6 inch silicon wafer which carried out HMDS (hexamethyldisilazane) processing in the spin 
coater (MK-V) by Tokyo Electron, Ltd., and for 90 degrees C and 60 seconds, it prebaked with the 
hot plate, and AZ (it is the same a trademark and the following)7900 (made in Clariant Japan) was 
adjusted so that about 0.96-micrometer resist film might be obtained, subsequently, the aligner ( LD[ 
by Hitachi, Ltd. ]- 501 5 iCW) which has the exposure wavelength of i line (365nm) It exposes using 
the pattern to which various Rhine - and - tooth-space width of face were equal using NA=0.50. 
After a hot plate performs postexposure BEKU (PEB) for 110 degrees C and 60 seconds, Using the 
Clariant Japan alkali developer (an AZ 300MIF developer, 2.38-% of the weight tetramethylammonium 
hydroxide water solution), spray paddle development was carried out for 1 minute under 23-degree 
C conditions, and the positive type resist pattern was obtained. 

[0024] Formation positive type photopolymer constituent AZ of a contact hole pattern It applied to 
the 6 inch silicon wafer which carried out the adhesion promoter coat in the spin coater (MK-V) by 
Tokyo Electron, Ltd., and for 80 degrees C and 60 seconds, it prebaked with the hot plate, and 
DX3200P (made in Clariant Japan) were adjusted so that about 0.8-micrometer resist film might be 
obtained. Subsequently, the aligner (canon company make FPA-3000EX5, NA=0.63) which has the 
exposure wavelength of KrF laser (248nm) is used. After it exposes using the pattern to which the 
various diameters of a hole were equal and a hot plate performs postexposure BEKU (PEB) for 110 
degrees C and 60 seconds, Spray paddle development was carried out for 1 minute under 23-degree 
C conditions with the Clariant Japan alkali developer (an AZ 300MIF developer, 2.38-% of the weight 
tetramethylammonium hydroxide water solution), and the positive type resist pattern was obtained. 
[0025] the water-soluble-resin constituent A was applied by the spin coater (LT-1000) by Litho 
Tech Japan Corp. on evaluation profit Rhine [ of a spreading property ] - - tooth space, and 
the contact hole pattern, and for 85 degrees C and 70 seconds, the hot plate performed BEKU, and 
it adjusted so that about 0.4-micrometer water-soluble-resin film might be obtained. On Rhine - - 
tooth space, and the contact hole pattern, it checked and evaluation of a spreading property 
evaluated by viewing and optical microscope observation whether the above-mentioned spreading 
film would have produced a spreading defect like striae SHON or a fish eye. A result is shown in 
Table 1. In addition, evaluation of a spreading property was performed based on the following 
criteria. 

[0026] (Spreading characterization criteria) 

O : it is x by which neither a fish eye nor spreading nonuniformity called striae SHON is observed, 
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but spreading nonuniformity, such as striae SHON by not having sufficient covering property to a 
resist pattern level difference, is observed although there is no crawling like a ** :fish eye in which 
the uniform spreading film is formed and sufficient paint film formation is carried out. : Crawling like a 
fish eye is produced and sufficient film formation is difficult [0027]. Water soluble resin was applied 
by the spin coater (LT-1000) by Litho Tech Japan Corp. on Rhine - obtained by the evaluation 
above of dimension reduction percentage, - tooth space, and the contact hole pattern, and for 85 
degrees C and 70 seconds, the hot plate performed BEKU, and it adjusted so that about 
0.4-micrometer water-soluble-resin film might be obtained. For 110 more degrees C and 90 
seconds, after the hot plate's having performed mixing BEKU and advancing crosslinking reaction, 
the development was performed for 1 minute under 23-degree C conditions using pure water, the 
layer non-constructed a bridge was exfoliated, and the bridge formation insolubilization layer of the 
water-soluble-resin film was obtained on Rhine - - tooth space, and the contact hole pattern. 
Furthermore, BEKU processing was performed for 110 degrees C and 120 seconds for desiccation 
with a hot plate. With the highly precise appearance dimension evaluation equipment (S-7280H) by 
Hitachi, Ltd., evaluation of dimension reduction percentage measured the length before and behind 
the insolubilization stratification about the tooth-space width of face of Rhine - and - tooth-space 
pattern, and the diameter of a hole of a contact hole pattern, and observed the length measurement 
value change at this time. It asked for dimension reduction percentage by the degree type. A result 
is shown in Table 1. 
[0028] 



[0029] The examples 3 and 4 (evaluation of a water-soluble-resin constituent) of a comparison 
It replaced with the water-soluble-resin constituent A, and evaluation of a spreading property and 
dimension reduction percentage was performed like the example 2 except using the 
water-soluble-resin constituent B and the water-soluble-resin constituent C. A result is shown in 
Table 1. 
[0030] 
[Table 1] 
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[0031] 

[Effect of the Invention] Since the water-soluble-resin constituent of this invention is excellent in 
the spreading property on a resist pattern level difference and excellent also in the dimension 
controllability of the hardening film, regardless of the surface state of a substrate, it can make the 
pattern gap of a resist pattern detailed with a sufficient precision effectually, and can form the 
pattern exceeding a wavelength limitation good and economically, so that clearly from having 
explained above. Moreover, by using as a mask the detailed resist pattern formed by doing in this 
way, the trench pattern and hole which were reduced on the semi-conductor base material can be 
formed, and the semiconductor device which has a detailed trench pattern and a hole can be 
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manufactured with the simply and sufficient yield. 
[Translation done.] 
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